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Abstract
The approximate symmetry of the strong interactions under isospin transformations is among the most precise tools
available to control hadronic matrix elements. It is crucial in extracting fundamental parameters, but also provides
avenues for the search of phenomena beyond the Standard Model. The precision of the resulting predictions requires
special care when determining the quantities they are to be tested with. Specifically, in the extraction of branching
ratios often isospin symmetry is assumed at one point or another implicitly, implying a significant bias for precision
analyses. We extract a bias-free value for the production asymmetry between charged and neutral B meson pairs at
B factories and discuss its consequences for the determination of branching fractions generally, and isospin-violating
observables like the rate asymmetries in B → J/ψK or B → K∗γ decays specifically.
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1. Introduction
Isospin symmetry is a widely used approximation in
particle physics. This is typically justified, given that
apart from the weak interactions it is broken only by
the difference of the up- and down-quark masses and
charges, yielding generally corrections at the percent
level. This enables determinations of fundamental pa-
rameters as well as searches for phenomena beyond the
Standard Model (SM), commonly called new physics
(NP).
While the uncertainty related to isospin breaking can
often be neglected compared to that from other sources,
in precision measurements care must be taken to ac-
count for it properly; this is complicated by the fact
that the assumption of isospin symmetry often enters
implicitly in input quantities. A prime example is the
production asymmetry of charged and neutral B me-
son pairs at B factories. It is commonly either as-
sumed to vanish or determined using measurements as-
suming in turn isospin symmetry for the weak decay
in question. While a priori the latter approach seems
reasonable given that isospin breaking in the Υ(4S ) de-
cay from electromagnetic interactions is parametrically
enhanced by the small velocity v of the B mesons as
π2/v ∼ O(100) [1], available data [2–5] indicate that the
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breaking is actually comparable to that in weak decays.
In any case, input values extracted assuming isospin
symmetry in weak decays can generally not be used
in experimental analyses testing this assumption. Apart
from the immediate consequences for analyses dealing
explicitly with isospin breaking, the production asym-
metry more generally affects most branching ratio re-
sults from B factories and also from hadron colliders
where absolute branching fractions are necessary as in-
puts for the normalization modes.
In the next section we show how to circumvent these
problems by determining a value for the production
asymmetry that is not affected by isospin breaking.
This is followed in Sec. 3 by the study of a selection
of phenomenological consequences, addressing specifi-
cally b → sc¯c and b → sγ transitions. We conclude in
Sec. 4.
2. Extraction of f+−/ f00 without bias
The relative production fraction of charged ( f+−) and
neutral B mesons ( f00) at B factories is a crucial is-
sue, especially when isospin is to be tested with the re-
sults. Theoretical predictions for this quantity are diffi-
cult: while estimates for point-like B mesons predicted a
large asymmetry [1, 6], model calculations [7] indicate
that the meson and vertex structures as well as strong
rescattering phases could suppress the net effect. The
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precision of these calculations does not (yet) match the
experimental one, therefore we will concentrate on the
experimental determinations in the following.
The value most commonly used for the production
asymmetry stems from the heavy flavor averaging group
(HFAG), obtained as an average of various measure-
ments, r+0 ≡ f+−/ f00 = 1.058 ± 0.024 [8], about 2.4σ
from unity. However, in determinations of branching ra-
tios typically still r+0 = 1 is assumed [9]. More impor-
tantly, as also pointed out in Ref. [8], most of the values
entering the average of r+0 actually assume isospin sym-
metry for the weak decays under consideration in their
analyses, e.g. Γ(B0 → J/ψK0) = Γ(B+ → J/ψK+). Us-
ing the resulting value to extract information on isospin
breaking in weak decays would therefore be circular.
Nevertheless, the above value indicates that the pro-
duction asymmetry could be sizable, rendering its ex-
traction without the assumption of isospin symmetry
mandatory.
One analysis by BaBar [5] uses a ratio of singly and
doubly tagged B decays, a method introduced in the
context of resonant charm production [10]. This tech-
nique avoids assumptions regarding isospin, yielding
f00 = 0.487 ± 0.010 ± 0.008. Assuming f00 + f+− =
1, in accordance with BR(Υ(4S ) → non−B ¯B) ≤
4% (95% CL) [11] and the fact that no other decay mode
has been observed with a branching fraction larger than
∼ 10−4 [8], this measurement corresponds to r+0 =
1.053± 0.054. Note that a significant contribution from
non-B ¯B events would reduce this value. Potential cor-
rections to the simple relation Nd ∼ BR(B → D∗ℓν)2,
e.g. from CP violation in mixing, enter the expression
at the negligible level of . 10−5.
Inclusive measurements are less sensitive to isospin
breaking, since it is additionally suppressed by
1/m2b [12]; importantly, this is even true for NP con-
tributions. Therefore the Belle measurement using in-
clusive semileptonic decays [3], i.e. the assumption
Γ(B− → Xℓ) = Γ(B0 → Xℓ), is unaffected by isospin
breaking at the required level. Its uncertainty is domi-
nated by the lifetime ratio of neutral and charged B de-
cays; updating it to the present world average [8] yields
r+0 = 1.00 ± 0.03 ± 0.04, where the systematic uncer-
tainty is now a sum of several similarly large contribu-
tions.
Combining these two measurements and adding sta-
tistical and systematic uncertainties in quadrature, we
obtain
r+0 ≡
f+−
f00 = 1.027 ± 0.037 , (1)
compatible with unity. While less precise than the “stan-
dard” HFAG average given above, only this value can
be used to investigate isospin breaking without a signif-
icant bias.
Both analyses used in the average have been per-
formed with a small fraction of the corresponding full
datasets, leaving room for significant improvement de-
spite potential systematic limitations: already repeating
the BaBar analysis with the full dataset would reduce
the total uncertainty for f00 to below 0.8% (correspond-
ing to ∼ 3% on r+0 when assuming f+− + f00 = 1, better
than the current average in Eq. (1)).1 The analysis could
also be carried out with the available Belle dataset, and
even further improved with Belle II data. Additional
analyses not relying on isospin symmetry are therefore
promising and necessary for many precision tests of the
SM.
Given the very high expected luminosity at Belle II,
one could additionally consider using the modes ¯B0,− →
D∗+,0(→ D+,0π0)ℓν¯: while these modes have a smaller
reconstruction efficiency, they have the advantage of al-
lowing for the determination of both, f00 and f+−. This
would (i) be the first direct determination of f+−, (ii)
determine r+0 as a double ratio where NB ¯B and possi-
bly other systematic effects cancel, and (iii) allow for
an experimental test of the assumption f+− + f00 = 1.
Given that the latter relation constitutes the main theo-
retical assumption in the present determination of r+0, it
is important that also the analysis in Ref. [11] could be
improved upon already with existing data.
The relations between the values for branching frac-
tions given for r+0 = 1 and the ones including the cor-
rection factor for the production asymmetry are readily
obtained as
BR(B+/0 → X)
∣
∣
∣
corr
≡ c+/0 BR(B+/0 → X)
∣
∣
∣
r+0=1
, (2)
where the bars denote CP averages and the correction
factors are c+ = (1 + 1/r+0)/2 and c0 = (1 + r+0)/2,
c0/c+ = r+0.
3. Phenomenological consequences
Isospin breaking in B decays is typically discussed
using rate asymmetries AI (also sometimes denoted
∆0−),
AI(X) ≡
¯Γ(B0 → X0d) − ¯Γ(B+ → X+u )
¯Γ(B0 → X0d) + ¯Γ(B+ → X+u )
. (3)
1This is a conservative estimate, taking only the improved deter-
mination of the number of B ¯B pairs NB ¯B into account and scaling the
statistical uncertainty with the luminosity. Additional improvements
are expected, e.g. from the improved knowledge of B → D∗πℓν.
2
The additional uncertainty stemming from including the
production asymmetry explicitly instead of setting it
naively to unity is approximately δr+0/2 ∼ 2%; this is
therefore the present sensitivity limit which could how-
ever be improved upon by additional measurements.
Any branching-ratio measurement at a comparable level
of precision is affected by r+0; apart from the examples
given below, its effect should also be included for in-
stance in the extraction of |Vcb|.2 It is important to note
that isospin symmetry does not predict the rate asym-
metry to vanish necessarily: in general several isospin
amplitudes contribute, and while each of them will be
related by isospin symmetry, different combinations can
enter the two decay amplitudes in question. However,
there are various examples where AI = 0 does hold to an
approximation which is at least as good as the assump-
tion of isospin symmetry itself; these are then dubbed
quasi-isospin relations [13]. A well-known class of ex-
amples are processes dominated by b → cc¯s transitions,
like B → J/ψK. A sizable rate asymmetry could in
these cases indicate NP with a specific isospin structure,
e.g. ∆I = 1 for B → J/ψK.
3.1. b → cc¯s transitions
We start by considering the branching ratios for B →
J/ψK, often used as normalization modes and entering
analyses of penguin pollution in B → J/ψKS . Using
the values for the branching ratios given in Ref. [9]
yields the rate asymmetry AI(B → J/ψK)|r+0=1 =
−0.044 ± 0.024, approximately 2σ from zero. While
this is not very significant, it has been cause for specu-
lation regarding possible NP or enhanced QCD contri-
butions [14–16].
In addition to combining the appropriate value for the
production asymmetry from Eq. (1) with the world av-
erages for the individual branching ratios [9], we recast
another BaBar measurement for the production asym-
metry using B → J/ψK [4] into3
f+−
f00
BR(B+ → J/ψK+)
BR(B0 → J/ψK0)
= 1.090 ± 0.045 . (4)
The combination of these ingredients yields
BR(B+ → J/ψK+) = (9.95 ± 0.32) × 10−4 and
2A fit as used in Ref. [8] to extract |Vcb | is beyond the scope of this
work. A first estimate does not yield a large shift compared to other
uncertainties, related to the fact that the relevant branching ratios are
proportional to |Vcb |2.
3We do not consider the correlations with the averages for the in-
dividual branching ratios. The BaBar measurements entering there
have been obtained with a larger dataset (∼ 1.5×), are dominated by
different uncertainties and averaged with the results from other exper-
iments.
BR(B0 → J/ψK0) = (9.08 ± 0.31) × 10−4 , (5)
with an accidentally small correlation of below 1%.
Note that the uncertainties remain basically identical
compared to the values in Ref. [9], despite including
now the uncertainty from the production asymmetry,
and the central values are closer than before. This af-
fects the rate asymmetry, which is now given as
AI(B → J/ψK) = −0.009 ± 0.024 , (6)
showing no sign of isospin violation in these decays.
This value could be used to determine the relative pro-
duction fraction fu/ fd of charged and neutral B mesons
at hadron colliders.
Interestingly, the isospin asymmetry for B → J/ψπ
tests specific contributions that are also related to the
“penguin pollution” in B → J/ψKS [15, 16]. The ap-
proximate S U(3) relation [15]
AI(B → J/ψπ)
AI(B → J/ψK) ≈
1
λ2
, (7)
where λ ≈ 0.2 denotes the Wolfenstein parameter [17],
yields a strong relative enhancement in B → J/ψπ.
The determination of AI(B → J/ψπ) is presently com-
plicated by the fact that the two most precise mea-
surements for rπK = BR(B+ → J/ψπ+)/BR(B+ →
J/ψK+) [18, 19] are incompatible. Using the PDG
averages for rπK (including a scale factor of 3.2) and
BR(B0 → J/ψπ0) [9], together with Eqs. (1) and (5),
we obtain4
AI(B → J/ψπ) = −0.02 ± 0.07 , (8)
well compatible with zero.5 The determination of rπK
to resolve this tension and an improved determination
of BR(B0 → J/ψπ0) at Belle II will provide important
information to restrict penguin pollution further.
Finally, a possible violation of a quasi-isospin sum
rule in B → DD decays measured in Ref. [20] has re-
cently been discussed in Ref. [13]. Here we only point
out that if this measurement were to be performed with
even better precision, the relative production fraction
fu/ fd would have to be taken into account explicitly.
4Note that 2BR(B0 → J/ψπ0) is used in this case for Eq. (3).
5Excluding one of the incompatible results yields AI(B →
J/ψπ) = 0.00 ± 0.05 (excluding [19]) and AI(B → J/ψπ) = −0.15 ±
0.06 (excluding [18]); the latter value would indicate the presence of
this contribution, while still implying an isospin asymmetry of below
1% in B → J/ψK.
3
3.2. b → sγ transitions
One of the most precisely measured rate asymme-
tries is the one in B → K∗γ, where PDG averages the
BaBar [21] and Belle [22] measurements to APDGI =
0.052 ± 0.026. It is predicted in the SM to be around
5% [23], despite (linear) 1/mb suppression, due to an-
nihilation contributions enhanced by the ratio of Wil-
son coefficients C1/C7. Form factor uncertainties can-
cel largely, allowing for a more precise prediction than
for e.g. the individual branching ratios. Apart from be-
ing an interesting test of QCD dynamics, this observ-
able also yields important information for NP, since it
provides complementary information on the coefficient
of the photonic penguin operatorO7, as e.g. emphasized
in Refs. [23, 24]. Adapting the experimental results to
the present value for the lifetime ratio and using Eq. (1),
we obtain the average
AI(B → K∗γ) = 0.042 ± 0.032 , (9)
consistent with zero as well as the prediction from QCD
factorization. In this case the correction is quite small
and shifts the central value in the opposite direction,
owing to the fact that the BaBar collaboration included
the production asymmetry as measured at the time in
their measurement, but again making implicit assump-
tions on isospin breaking in other modes in the process.
For the inclusive decay B → Xsγ, the isospin vio-
lation is again expected to be additionally suppressed.
The BaBar measurement in Ref. [25], dominating the
world average, reads with our ratios for lifetimes and
production fractions
AI(B → Xsγ) = −0.001(58)(5)(19) , (10)
with a largely dominating statistical uncertainty given
first and a very small systematic one, given second. The
third uncertainty is due to the production asymmetry,
which could potentially even be determined using this
measurement, given that also potential NP spectator in-
teractions receive the additional suppression. However,
due to the experimentally necessary cuts the measure-
ment is not fully inclusive, and the other methods men-
tioned above are certainly preferable given that they rely
on tree-level decays.
4. Conclusions
We analyzed in detail the determination of the pro-
duction asymmetry between charged and neutral B me-
son pairs at B factories and some of its phenomeno-
logical consequences. Contrary to early estimates, this
asymmetry is comparable in size to potential isospin-
violating effects in weak decays, which requires ac-
counting for both simultaneously in precision analyses.
Here care has to be taken not to use the assumption
of isospin symmetry implicitly, in order not to spoil
the resulting precision. The phenomenological results
with present data neither indicate a significant produc-
tion asymmetry, nor unexpectedly large rate asymme-
tries, cf. Eqs. (1),(6),(8)-(10). However, for precise
measurements the size of the correction can be rela-
tively substantial, as demonstrated for B → J/ψK de-
cays, c.f. Eq. (5). This shows the importance of an im-
proved determination of r+0 as well as proper applica-
tion, especially in light of the expected precision results
from LHCb and Belle II. In addition to improving the
existing analyses, we proposed to use ¯B0,− → D∗+,0(→
D+,0π0)ℓν¯ decays, which allow to determine both pro-
duction fractions directly and thereby also the amount
of Υ decays into non-B ¯B states.
Acknowledgments
I would like to Danny van Dyk and the Belle mem-
bers in Munich for useful discussions and Tim Gershon
for helpful comments on the manuscript. This work
was performed in the context of the ERC Advanced
Grant project ’FLAVOUR’ (267104) and was supported
in part by the DFG cluster of excellence ’Origin and
Structure of the Universe’.
References
[1] D. Atwood, W. J. Marciano, Radiative Corrections and
Semileptonic B Decays, Phys. Rev. D41 (1990) 1736.
doi:10.1103/PhysRevD.41.1736 .
[2] J. P. Alexander, et al., Measurement of the rela-
tive branching fraction of upsilon(4S) to charged
and neutral B meson pairs, Phys. Rev. Lett. 86
(2001) 2737–2741. arXiv:hep-ex/0006002,
doi:10.1103/PhysRevLett.86.2737 .
S. B. Athar, et al., Measurement of the ratio of branching frac-
tions of the Upsilon(4S) to charged and neutral B mesons,
Phys. Rev. D66 (2002) 052003. arXiv:hep-ex/0202033,
doi:10.1103/PhysRevD.66.052003 .
[3] N. C. Hastings, et al., Studies of B0 - anti-B0 mix-
ing properties with inclusive dilepton events, Phys.
Rev. D67 (2003) 052004. arXiv:hep-ex/0212033,
doi:10.1103/PhysRevD.67.052004 .
[4] B. Aubert, et al., Measurement of the B+/B0 pro-
duction ratio from the Υ(4S ) meson using B+ →
J/ψK+ and B0 → J/ψK0S decays, Phys. Rev.
D69 (2004) 071101. arXiv:hep-ex/0401028,
doi:10.1103/PhysRevD.69.071101 .
[5] B. Aubert, et al., Measurement of the branch-
ing fraction of Υ(4S ) → B0B0, Phys. Rev. Lett.
95 (2005) 042001. arXiv:hep-ex/0504001,
doi:10.1103/PhysRevLett.95.042001 .
4
[6] R. Kaiser, A. V. Manohar, T. Mehen, Isospin vi-
olation in e+ e- → B anti-B, Phys. Rev. Lett.
90 (2003) 142001. arXiv:hep-ph/0208194 ,
doi:10.1103/PhysRevLett.90.142001 .
[7] N. Byers, E. Eichten, Ratio of charged to neutral B meson pro-
duction at Upsilon (10580), Phys. Rev. D42 (1990) 3885–3887.
doi:10.1103/PhysRevD.42.3885 .
G. P. Lepage, Coulomb corrections for Upsilon (4S)
→ B anti-B, Phys. Rev. D42 (1990) 3251–3252.
doi:10.1103/PhysRevD.42.3251 .
S. Dubynskiy, A. Le Yaouanc, L. Oliver, J. C. Ray-
nal, M. B. Voloshin, Isospin breaking in the yield of
heavy meson pairs in e+e- annihilation near threshold,
Phys. Rev. D75 (2007) 113001. arXiv:0704.0293,
doi:10.1103/PhysRevD.75.113001 .
[8] Y. Amhis, et al., Averages of b-hadron, c-hadron, and τ-
lepton properties as of summer 2014And online update at
http://www.slac.stanford.edu/xorg/hfag. arXiv:1412.7515.
[9] K. A. Olive, et al., Review of Particle Physics, Chin. Phys.
C38 (2014) 090001, and 2015 update under http://pdg.lbl.gov.
doi:10.1088/1674-1137/38/9/090001 .
[10] R. M. Baltrusaitis, et al., Direct Measurements of Charmed
d Meson Hadronic Branching Fractions, Phys. Rev. Lett. 56
(1986) 2140. doi:10.1103/PhysRevLett.56.2140 .
[11] B. Barish, et al., Measurements of the B semileptonic branching
fraction with lepton tags, Phys. Rev. Lett. 76 (1996) 1570–1574.
doi:10.1103/PhysRevLett.76.1570 .
[12] M. Gronau, Y. Grossman, J. L. Rosner, Isospin in B
decays and the (B0 anti-B0)/(B+ B-) production ratio,
Phys. Rev. D73 (2006) 057501. arXiv:hep-ph/0601136 ,
doi:10.1103/PhysRevD.73.057501 .
[13] M. Jung, S. Schacht, Standard model predictions and
new physics sensitivity in B → DD decays, Phys.
Rev. D91 (3) (2015) 034027. arXiv:1410.8396,
doi:10.1103/PhysRevD.91.034027 .
[14] T. Feldmann, M. Jung, T. Mannel, Is there a non-
Standard-Model contribution in non-leptonic b → s
decays?, JHEP 08 (2008) 066. arXiv:0803.3729,
doi:10.1088/1126-6708/2008/08/066 .
M. Jung, T. Mannel, General Analysis of U-Spin Breaking in B
Decays, Phys. Rev. D80 (2009) 116002. arXiv:0907.0117,
doi:10.1103/PhysRevD.80.116002 .
[15] M. Jung, Determining weak phases from B → J/ψP de-
cays, Phys. Rev. D86 (2012) 053008. arXiv:1206.2050,
doi:10.1103/PhysRevD.86.053008 .
[16] Z. Ligeti, D. J. Robinson, Towards more precise determinations
of the CKM phase βarXiv:1507.06671.
[17] L. Wolfenstein, Parametrization of the Kobayashi-
Maskawa Matrix, Phys. Rev. Lett. 51 (1983) 1945.
doi:10.1103/PhysRevLett.51.1945 .
[18] R. Aaij, et al., Measurements of the branching fractions and
CP asymmetries of B± → J/ψ π± and B± → ψ(2S )π± de-
cays, Phys. Rev. D85 (2012) 091105. arXiv:1203.3592,
doi:10.1103/PhysRevD.85.091105 .
[19] B. Aubert, et al., Study of B± → J/ψπ± and B± →
J/ψK± decays: Measurement of the ratio of branch-
ing fractions and search for direct CP violation, Phys.
Rev. Lett. 92 (2004) 241802. arXiv:hep-ex/0401035 ,
doi:10.1103/PhysRevLett.92.241802 .
[20] R. Aaij, et al., First observations of ¯B0s → D+D−, D+s D−
and D0 ¯D0 decays, Phys. Rev. D87 (9) (2013) 092007.
arXiv:1302.5854, doi:10.1103/PhysRevD.87.092007 .
[21] B. Aubert, et al., Measurement of Branching Fractions and
CP and Isospin Asymmetries in B → K*(892)gamma Decays,
Phys. Rev. Lett. 103 (2009) 211802. arXiv:0906.2177,
doi:10.1103/PhysRevLett.103.211802 .
[22] M. Nakao, et al., Measurement of the B → K*
gamma branching fractions and asymmetries, Phys.
Rev. D69 (2004) 112001. arXiv:hep-ex/0402042,
doi:10.1103/PhysRevD.69.112001 .
[23] A. L. Kagan, M. Neubert, Isospin breaking
in B → K* gamma decays, Phys. Lett. B539
(2002) 227–234. arXiv:hep-ph/0110078,
doi:10.1016/S0370-2693(02)02100-7 .
S. W. Bosch, G. Buchalla, The Radiative decays B
→ V gamma at next-to-leading order in QCD, Nucl.
Phys. B621 (2002) 459–478. arXiv:hep-ph/0106081,
doi:10.1016/S0550-3213(01)00580-6 .
M. Beneke, T. Feldmann, D. Seidel, Systematic approach
to exclusive B → V l+ l-, V gamma decays, Nucl.
Phys. B612 (2001) 25–58. arXiv:hep-ph/0106067,
doi:10.1016/S0550-3213(01)00366-2 .
M. Beneke, T. Feldmann, D. Seidel, Exclusive radiative and
electroweak b → d and b → s penguin decays at NLO, Eur.
Phys. J. C41 (2005) 173–188. arXiv:hep-ph/0412400,
doi:10.1140/epjc/s2005-02181-5 .
P. Ball, G. W. Jones, R. Zwicky, B → V
gamma beyond QCD factorisation, Phys. Rev.
D75 (2007) 054004. arXiv:hep-ph/0612081,
doi:10.1103/PhysRevD.75.054004 .
J. Lyon, R. Zwicky, Isospin asymmetries in B(K∗, )/l+l−
and BKl+l− in and beyond the standard model, Phys.
Rev. D88 (9) (2013) 094004. arXiv:1305.4797,
doi:10.1103/PhysRevD.88.094004 .
[24] Z.-j. Xiao, C. Zhuang, Exclusive B → (K∗, ρ)γ de-
cays in the general two Higgs doublet models, Eur.
Phys. J. C33 (2004) 349–368. arXiv:hep-ph/0310097,
doi:10.1140/epjc/s2004-01592-0 .
M. R. Ahmady, F. Chishtie, Isospin symmetry
breaking in B- ¿ K* gamma decay due to an ex-
tra generation of vector quarks, Int. J. Mod. Phys.
A20 (2005) 6229–6240. arXiv:hep-ph/0508105,
doi:10.1142/S0217751X05029253 .
M. R. Ahmady, F. Mahmoudi, Constraints on the
mSUGRA parameter space from NLO calculation
of isospin asymmetry in B → K* gamma, Phys.
Rev. D75 (2007) 015007. arXiv:hep-ph/0608212,
doi:10.1103/PhysRevD.75.015007 .
F. Mahmoudi, O. Stal, Flavor constraints on the two-
Higgs-doublet model with general Yukawa couplings,
Phys. Rev. D81 (2010) 035016. arXiv:0907.1791,
doi:10.1103/PhysRevD.81.035016 .
S. Descotes-Genon, D. Ghosh, J. Matias, M. Ramon, Explor-
ing New Physics in the C7-C7’ plane, JHEP 06 (2011) 099.
arXiv:1104.3342, doi:10.1007/JHEP06(2011)099 .
M. Jung, X.-Q. Li, A. Pich, Exclusive radiative B-meson decays
within the aligned two-Higgs-doublet model, JHEP 10 (2012)
063. arXiv:1208.1251, doi:10.1007/JHEP10(2012)063 .
[25] B. Aubert, et al., Measurements of the B → Xsγ branching frac-
tion and photon spectrum from a sum of exclusive final states,
Phys. Rev. D72 (2005) 052004. arXiv:hep-ex/0508004,
doi:10.1103/PhysRevD.72.052004 .
5
